Abstract. Experimental and theoretical efforts are being devoted to the study of observables that can shed light on the properties of the nuclear symmetry energy. We present our new results on the excitation energy [1] and polarizability of the Isovector Giant Quadrupole Resonance (IVGQR), which has been the object of new experimental investigation [2] . We also present our theoretical analysis on the parity violating asymmetry at the kinematics of the Lead Radius Experiment (PREx [3]) and highlight its relation with the density dependence of the symmetry energy [4] .
Introduction
The nuclear symmetry energy is a basic ingredient of the nuclear equation of state: it accounts for the energy cost per nucleon to convert all protons into neutrons in symmetric nuclear matter. Its accurate determination impacts on quantities such as the neutron skin thickness -defined as the difference between the root mean square radii of neutrons r 2 n 1/2 and protons r 2 p 1/2 [5] [6] [7] -and the isovector giant dipole or quadrupole resonances [1, 6, 8] , amongst others. Isovector collective excitations are characterized by an out of phase oscillation of neutrons against protons, being the restoring force proportional to the nuclear symmetry potential and, therefore, directly related to the symmetry energy. Only recently, the accuracy in the experimental determination of the IVGQR has been substantially improved [2] .
On the other side, experiments with spin polarized electron scattering by heavy nuclei have been demonstrated to be feasible by the PREx collaboration [3] . Such experiments can provide a direct and model independent measure of the parity violating asymmetry [9, 10] electron scattering experiments determine the electromagnetic distribution in nuclei, the parity violating electron scattering provides unambiguous information on the weak charge distribution in nuclei, basically carried by neutrons [4] .
Giant Quadrupole Resonances
In this section, we briefly present part of our results on the analysis of the excitation energies of the isoscalar and isovector GQRs in 208 Pb [1] : E
IS
x and E IV x , respectively; and an unpublished study on the inverse energy weighted moment of the IV quadrupole response [m −1 (Q)] also in 208 Pb, both based on the predictions of different Energy Density Functionals (EDFs).
Based on a Quantum Harmonic Oscillator (QHO) approach [11] and the expression for the neutron skin thickness ∆r np ≡ r 2 n 1/2 − r 2 p 1/2 of a heavy nucleus in the Droplet Model (DM) [12] , one finds an analytical expression that explicitly relates ∆r np with a combination of the IS and IV excitation
, and the symmetry energy at nuclear saturation S (ρ ∞ ) ≡ J [1] . This correlation is also predicted by more fundamental calculations as it can be seen in Fig. 1(a) where two families of systematically varied EDFs are shown. We have considered a non-relativistic (SAMi [1] ) and a relativistic (DD-ME [13] ) families in which J was systematically varied from 27 MeV to 31 MeV in steps of 1 MeV and 30 MeV to 38 MeV in steps of 2 MeV, respectively. This kind of analysis allows to identify possible correlations between isovector properties. An experimental region is also depicted in Fig. 1(a) using a reasonable value of J = 32 ± 1 MeV, in agreement with available estimates [6] , and the experimental weighted average on E IV x = 22.7 ± 0.2 MeV and E IS x = 10.9 ± 0.1 MeV [1] .
Within the same macroscopic approach but this time considering the approximate equality between the DM parameter characterizing the symmetry energy of 208 Pb, a sym (A = 208), and the symmetry energy of the infinite system, S (ρ = 0.1 fm −3 ) -satisfied to a very good accuracy in EDFs [7] , one finds the following expression for the potential contribution to the symmetry energy [1] ,
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as a function of the excitation energies of the IS and IV GQRs and the Fermi energy at saturation density: ε F ∞ ≈ 36 MeV. Note that the kinetic contribution to the symmetry energy, S kin (ρ), is known to be around ε F ∞ /3 for non-relativistic EDFs and around ε F ∞ /2 for relativistic EDFs (see Table II of Ref. [1] ). By inserting the weighted averages of the experimental values, we find S pot (0.1 fm −3 ) = 11.1 ± 0.3 MeV, in very good agreement with the estimate reported in Ref. [8] if we consider a nonrelativistic kinetic contribution that is consistent with the QHO approach.
The inverse energy weighted moment associated to the isovector quadrupole response in nuclei, proportional to the quadrupole polarizability, can be derived via a constrained calculation assuming the DM approach, in analogy with the dipole case [14] . Such a result can be expressed in terms of DM parameters and the expression for the neutron skin thickness within the same approach as follows,
where r 2 ( r 4 ) is the matter mean square (fourth) radius, I ≡ (N − Z)/A, I C = (e 2 Z)/(20JR) and ∆r surf np within the DM is equal to
, a correction caused by the difference in the surface widths b n and b p of the neutron and proton density profiles. This surface contribution to the neutron skin was shown to be almost constant (0.09 ± 0.01 fm) for the case of 208 Pb when predicted by a large set of EDFs [15] . As a first reasonable approximation, one can neglect the small variations of I C and (e 2 Z)/(70J) and explicitely show within this macroscopic approach that for 208 Pb, m −1 (Q)J is linearly correlated with ∆r np . Such a correlation is supported by more fundamental microscopic calculations as it can be seen in Fig. 1(b) . A part from the two families of systematically varied EDFs shown in Fig. 1(a) , we also provide in Fig. 1(b) the predictions of other successful models yielding a correlation coefficient between the discussed quantities of r = 0.98 (original references for the employed interactions can be found in [1, 16] ).
Parity Violating Electron Scattering
The feasibility of measuring parity violating electron scattering (PVES) observables in heavy nuclei has been recently demostrated at the Jefferson Laboratory by the PREx collaboration [3] . In this processes, the parity violating asymmetry A pv , very sensitive to the weak charge distribution in nuclei, is measured. This observable isolates the parity violating effect in PVES arising form the fact that electrons with positive (negative) helicity states interact with the Coulomb potential plus (minus) the weak potential created by the target nucleus (see Refs. [4, 9, 10] for further details).
Following a simple Plane Wave Born Approximation (PWBA), one may estimate at a fixed low momentum transfer q that the behaviour of A PWBA pv is dominated by the difference F n (q) − F p (q) ≈ q 2 ∆r np r 2 p 1/2 /3 and, thus, by the neutron skin thickness [4, 15] -or L ≡ 3ρ ∞ ∂ ρ S (ρ)| ρ=ρ ∞ if one considers the well known linear correlation between ∆r np and L within the realm of EDFs [5, 7] . We show in Fig. 2 the predictions of a large set of EDFs for A pv , accounting for Coulomb distortions, at the PREx kinematics [3] as a function of L. We address the reader to Ref. [4] for further details on the theoretical calculations. The correlation found between A pv and L is remarkable (r = 0.97).
Conclusions
Guided by macroscopic models, we have shown that (i) a combination of the E x of the IS and IV GQRs and J is correlated with ∆r np of 208 Pb within two families of systematically varied EDFs; (ii) the m −1 (Q) in 208 Pb times J is correlated with ∆r np of the same nucleus in EDFs; and (iii) that the A pv at the kinematics of PREx is also linearly correlated with L in EDFs. These correlations might be instrumental for the analysis of past and future experiments that aim to improve our knowledge on the isovector sector of the nuclear effective interaction. Finally, we have also estimated the value of the potential energy contribution to the symmetry energy at 0.1 fm −3 to be 11.1 ± 0.3 MeV using the experimental data on the IS and IV GQRs in the analytical expression derived within QHO.
